EXECUTIVE SUMMARY Scope of the GNSS Area
Development of a European contribution to the Global Navigation Satellite System (GNSS) and its applications will be very beneficial to transport in terms of improved safety, efficiency and environmental protection. It is also expected to bring widespread socio-economic benefits to Europe as a whole. The European strategy for a multi-modal GNSS comprises two-phases:
• GNSS-1, which will provide additions to the existing military systems to enhance their technical capability to meet a wider range of user requirements than would otherwise be possible. The major European contribution to GNSS-1 is the European Geostationary Navigation Overlay System (EGNOS); and
• GNSS-2, which is envisaged as a system designed specifically for civil use, meeting a wide range of user requirements and being under the appropriate international control.
The TELEMATICS APPLICATIONS Programme (TAP, 4th Framework programme for RTD&D, 1994-98 ) is contributing to this strategy through nine projects within the GNSS Area. These projects, which all follow the five-phase methodology of TAP, can be categorised under the following headings:
• Development Projects are aimed at developing new infrastructure and applications for satellite positioning, navigation and timing. The developments include those associated with the space segment (e.g. space infrastructure and satellite applications) and that associated with the user segment (e.g. user infrastructure and down-stream applications). It is also important to acknowledge projects outside of the GNSS Area that are developing applications, the core of which will be GNSS-derived positioning, navigation and timing services.
• Support Projects are essentially horizontal in nature rather than being associated with the development of any particular infrastructure or application. These projects are tackling the broad issues introduced by the multi-modal, multi-sectoral nature of GNSS and are complementary to the development projects.
There is a synergistic relationship between the Development and Support Projects, each contributing to and building on the achievements of the other.
Main achievements
One of the major achievements of the GNSS Area (both Development and Support Projects) was to make a significant contribution to the GNSS-2 Forum. This was an initiative, established by the European Commission, in conjunction with the European Space Agency, to investigate all possible options for GNSS-2. In particular, the GNSS Area Projects participated in Working Group 2, the objective of which was to analyse various candidate systems, and to perform an economic assessment of the options. The results of the Forum were used extensively in the production of the recent Commission Communication on GNSS, now known as Galileo 1 . Various combinations of satellite constellations were researched including low earth orbit (LEO), medium earth orbit (MEO), geostationary earth orbit (GEO) and inclined geosynchronous orbit (IGSO) satellites. A key feature of the research was the investigation of the integration of navigation and communications capabilities. The main conclusion reached within the GNSS-2 Forum is that the best option for a European GNSS is based on a core MEO constellation containing between 21 and 36 satellites, complemented by a number of GEO or IGSO satellites. The work performed suggests that the benefits of Galileo could amount to around 80 billion Euro over the period . These benefits arise from user benefits, greater market penetration than would be otherwise achieved and a bigger share of the market for equipment and services for European industry.
Some of the projects classified in the development category have developed GNSS user equipment and applications. The projects are principally focussed on the GNSS-1 scenario and can accommodate wide area and local area augmentation systems. The main achievements of these projects have been to develop, test and validate user equipment covering a wide range of multi-modal scenarios, including:
• non-safety-critical land-mobile (road transport) applications involving the integration of navigation/positioning and communications for value-added applications;
• safety critical applications in the aviation, maritime and land-mobile (rail) domains using GPS, GLONASS and EGNOS; and
• safety critical applications in the aviation, maritime and land-mobile (rail) domains using GPS, GLONASS, EGNOS and local area augmentation systems Considerable progress has been made in the development of prototype receivers for some applications, with near-production quality examples now being available. Successful field trials of these receivers were performed in an operational environment in the maritime, aviation and rail domains in late 1998.
The Support Projects have addressed horizontal issues of common interest, principally accounting for the very broad, multi-modal and non-transport domains in which GNSS will be used. These issues 2 include:
• the reconciliation of the various user requirements for individual modal applications into a coherent set of requirements for a multi-modal service;
• standardisation and interoperability, to ensure that all of the disparate elements of GNSS function together in a coherent and seamless way both geographically and across modes;
• multi-modal and multi-application cost benefit analysis, to consolidate the costs and benefits of the various GNSS applications, to determine how costs should be allocated across the different user groups, to assess whether costs should or could be recovered directly from users and to assess the attractiveness of the overall business case for various GNSS options;
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• certification, to determine that the system and its applications can used safely in an operational environment; and
• comparison of the various alternative architectures for GNSS-1 and GNSS-2 to allow informed decisions to be taken on the best and most cost-effective technical solutions.
Although significant progress has been made, many of the issues addressed in the support projects are still outstanding, although much of the groundwork to enable the proposal of appropriate solutions has been put in place.
Conclusions
The GNSS Area has made a significant contribution to the European GNSS Programme, both in terms of the development, validation and testing of equipment and applications and research leading to European Policy definition. The GNSS Area has:
• developed extensive and comprehensive sets of user requirements for many current and potential future GNSS applications using a common template;
• designed, developed and demonstrated GNSS-1 user equipment covering several transport modes. The achievements include a very high profile demonstration in the aviation domain at the Farnborough Air Show together with a joint European-US demonstration in Iceland. Successful demonstrations have also been performed in the rail and maritime sectors; and
• contributed significantly to the definition of Galileo through extensive participation in the GNSS-2 Forum organised by the European Commission and coordinated with the European space Agency.
Several of the GNSS Area projects are still ongoing. At the completion of the Fourth Framework Programme, the GNSS Area will have:
• developed, validated and demonstrated production quality GNSS-1 user equipment covering a wide range of multi-modal applications. This will enable early benefits to be derived from GNSS-1;
• provided a significant amount of validated data to enable informed decisions to be taken concerning the future development of Galileo, for example concerning architectures and levels of service; and
• provided a significant amount of data to derive coherent and complete sets of user requirements, to understand certification issues, to determine how and if costs should be allocated to and recovered from user groups and to inform the debate on how best future generations of GNSS should be financed.
The work that has been performed has highlighted that there are several key issues that must be resolved, particularly in the areas of cooperation with international partners, financing the system using a public-private partnership (PPP) approach, generating revenue streams, cost allocation and cost recovery from stakeholders, and obtaining and protecting the necessary frequency spectrum.
INTRODUCTION

BACKGROUND AND CONTEXT
At present there are two global satellite systems for positioning, navigation and timing. These have been developed, principally for military applications, by the United States (the Global Positioning System (GPS)) and by the former Soviet Union (the GLObal NAvigation Satellite System (GLONASS)).
Signals from these systems have been offered free of charge to civil users world-wide. This has resulted in the development of a large number of applications in domains as varied as transport, surveying and agriculture. A large market for receivers and value-added services and applications has also been generated. These markets are expected to increase rapidly over the next few years.
However, the accuracy, integrity, availability and continuity provided by GPS and GLONASS is insufficient for many applications, most notably those in safety-critical areas such as rail and aviation transport. Furthermore, the exclusive control of the services by the US and Russia causes institutional problems, principally related to sovereignty and security, with the acceptance of GPS and GLONASS as the sole or primary means of positioning and navigation in Europe.
The European Union (EU) has acknowledged the importance of GNSS both in terms of the direct benefits that it can bring to transport and other application domains, and in terms of the opportunities that will arise for European industry in the systems, equipment and services market segments. GNSS is viewed as a key element of the Trans-European Transport Network and a two-phase technical approach to overcome the technical and institutional problems described above is being followed:
Phase 1, called GNSS-1, will rely on the GPS and GLONASS signals enhanced for accuracy, integrity, availability and continuity through implementation and operation of additional space and ground-based infrastructure.
Phase 2, called GNSS-2, which is envisaged as a system designed for civil use and under the appropriate international control.
The European Commission (EC) has initiated a number of policy, infrastructure and research, technological development and Demonstration (RTD&D) activities relating both to GNSS-1 and to GNSS-2. A significant number of these activities are being performed within the TELEMATICS APPLICATIONS Programme (TAP).
A further significant EC initiative in collaboration with ESA, that took place in the second half of 1998, was the GNSS-2 Forum. The objective of this forum was to support the EC decision making process through definition of requirements for future GNSS, and then evaluation of the various potential options. The GNSS Area projects made major contributions to this Forum, especially Working Group 2 of the GNSS-2 Forum which was aimed at assessing technical and financial options.
PROJECTS
There are nine projects within the GNSS Area of the Transport Telematics Programme. These projects are described briefly below:
• MAGNET A: This project has the objective of developing, prototyping, testing and validating user equipment for the space-based augmentation services (SBAS) that will be part of GNSS-1. The project is considering applications in the civil aviation (to Category 1 precision approach and landing), maritime (coastal navigation) and rail network management areas. The user equipment will use GPS, GLONASS and European Geostationary Overlay Service (EGNOS) signals. Major achievements of the project include demonstrations of the accuracy required for Category 1 precision approach at the Farnborough Airshow and at joint European-US trials in Iceland.
• MAGNET B: This project is complementary to MAGNET A and is developing, prototyping, testing and validating user equipment for the ground-based augmentation systems that will be part of GNSS-1. The project is considering applications that have more stringent requirements than can be met with SBAS, namely Category II/III precision approach and landing, marine navigation in restricted waters. Rail applications are also being considered. Trials and demonstrations have commenced, including some in the rail and maritime domains.
The rail trials are making use of an SNCF train, whereas the maritime trials are using a Color Line Ferry routed between Oslo and Kiel.
• GNSS Support Task: The objective of this task was to develop multi-modal operational and functional requirements for GNSS. Approaches for certification were investigated and a method proposed based on the safety case approach. Standardisation requirements were also investigated. Based on these requirements, architectures for GNSS-1 and GNSS-2 were investigated, in terms of their capability to meet requirements and through cost benefit analysis. Potential transitions from GNSS-1 to GNSS-2 were also explored. This project is complete.
• SATEMA: This support action developed activities to support the European Commission in its efforts to implement a policy in the field of satellite navigation. In particular, the project was aimed at assisting those projects which use telecommunications and broadcasting satellites. The action also facilitated the exchange of information between technical experts at the European Space Agency (ESA) and the Telematics Projects. This project is complete.
• SAGE: This study will compare the conceptual design alternatives for a GNSS2, with the principal objective of minimising the cost of development, operation and maintenance, taking into consideration user requirements. The study is intended to provide an opportunity for experts in the field of satellite navigation to review and assess existing and new technologies, and propose innovative approaches to GNSS2, which could lead to significant reductions in the cost of a future GNSS. SAGE has provided a scientific forum for experts from academia and industry, through a workshop to be held at the GNSS 98 conference in Toulouse in October 1998. This project has provided a significant amount of support to the GNSS-2 Forum in assessing the various options that are available for GNSS-2. The project is scheduled for completion in early 1999.
• EURONAV: The objectives of EURONAV are to analyse innovative GNSS-2 architectures, investigate the integration of navigation and communications services and provide input to the debate on the future European contribution to GNSS-2. The project started in early 1998, made major contributions to Working Group 2 of the GNSS-2 Forum and is due for completion in mid-1999.Two concepts are being explored during the project:
• Use of a series of regional solutions, based on a combination of inclined geosynchronous orbit (IGSO) and geostationary earth orbit (GEO) satellites to provide either regional or global coverage
• Use of navigation payloads on a constellation of multi-media communications system satellites.
• INES: The INES project is investigating a constellation based on cheap, low earth orbit satellites complemented by geostationary earth orbit satellites (GEOs). The objective is to give a basic level of service without GPS and GLONASS but to provide a higher level of service when GPS and GLONASS can be used. As a standalone system (the basic service) it is expected that INES will provide 10-12 m horizontal and 10-15 m vertical accuracy. To achieve this level of performance 10 to 12 GEOs will be required globally or 4 to 5 GEOs for a European service. With the foreseen augmentations for the medium service, the performance will increase to better than 8 m horizontal accuracy and better than 12 m vertical accuracy. Time synchronisation and orbital reference is needed to achieve this performance. The project started in early 1998 and is expected to be completed by late 1999.
• SANSICOM: The main goal of SANSICOM is to integrate a communication link for various road applications into a GPS/GLONASS/EGNOS satellite navigation system. Communications will be integrated with the positioning application and will utilise satellite, radio-frequency and GSM media. The resulting chip-set is principally aimed at the mass road market, including fleet management. However, other potential applications will be assessed during the project. Certification for aviation applications is a major cost driver which will probably be too high for the mass market to bear. However, trade-offs between price and performance will be made during the project. SANSICOM started in early 1998 and is expected to be complete within 2 years. One of the conclusions of the GNSS-2 Forum is that integration of navigation/positioning capabilities with communication is critical to support beneficial applications and to provide a cost-beneficial service.
• ELSA: The ELSA Project is providing support to EUROCAE Working Group 28, sub-group 2, dealing with local area differential GNSS standards. The output of the project will be the final version of the LADGNSS minimum aviation system performance specification (MASPS) it will also initiate the drafting of ground and airborne minimum operational performance specifications (MOPS).
Concrete results are beginning to materialise from these projects. In particular, the MAGNET receivers have been demonstrated in a variety of applications and are exceeding expected performance.
In addition to the projects within the GNSS Area itself, it is important to consider other projects that are developing mode-specific applications that will use GNSS as a core element. These projects include:
• FARAWAY 1 and 2: These projects, within the Air Transport Area, are investigating the fusion of ground-generated surveillance data with aircraft navigation data, derived using GNSS, with the aim of improving the operational performance of the communications, navigation, surveillance and air traffic management (CNS/ATM) system;
• POSEIDON: POSEIDON focuses on integrated Vessel Traffic Systems (VTS), monitoring of the sea environment and interactive data on-line network. The project aims to establish the principles, standards and architecture for the interoperability of maritime VTS at local, regional and European level by the integration of VTS with advanced communications, information and tracking technologies, which are themselves based on GNSS;
• APOLO: APOLO is investigating new fleet management applications in the road and rail sectors, with GNSS being one of the enabling technologies;
• TREATY 3: This project is not within the TAP but is being funded under the TREATY Programme. It is complementary to ELSA in that it is providing support to EUROCAE WG 28 for the development of EGNOS standards in the aviation domain.
RELATIONSHIP WITH OTHER AREAS
GNSS will be a multi-modal, multi-sectoral tool. Therefore, much of the current GNSS-2 (and some GNSS-1) research is aimed at developing basic knowledge and exploring infrastructure concepts rather than specific applications. This means that GNSS-2 research is focussed, in the main, on technological rather than application development. However, in line with TAP objectives, this technology development is being driven by user and application requirements but covers a very wide range of applications, not restricted solely to transport.
A consequence of the broad applicability of GNSS, coupled with the technological nature of the research, means that the majority of the research is effectively a horizontal activity within the Transport Telematics Programme. However, there are projects that are dealing with the development of user equipment for specific application areas, principally associated with GNSS-1.
The TAP GNSS projects, introduced above, can be divided into two categories:
• Development Projects, e.g. projects that are aimed at developing new infrastructure and applications for satellite positioning, navigation and timing. The developments include those associated with the space segment (e.g. space infrastructure and satellite applications) and that associated with the user segment (e.g. user infrastructure and down-stream applications). It is also important to acknowledge projects that are outside of the GNSS Area that are developing applications, the core of which will be GNSS derived positioning, navigation and timing services.
• Support Projects, e.g. projects that are essentially horizontal in nature rather than being associated with the development of any particular infrastructure or application. These projects are tackling the broad issues introduced by the multi-modal, multisectoral nature of GNSS.
The projects in the GNSS Area are classified into these two categories in the following The following pages illustrate the contribution of these three types of project to the modal areas and services identified in the Grid Analysis of the Transport sector of the TELEMATICS APPLICATIONS Programme.
It is important to note that GNSS is inherently multi-modal and can, if appropriate applications are developed, support virtually all of the areas identified in the Grid Analysis. However, to account for the multi-modal nature of GNSS it has been necessary to add additional rows and columns to the grid. Other services 
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OBJECTIVES AND ACHIEVEMENTS
SPACE SEGMENT DEVELOPMENT PROJECTS
Objectives
The major objective of the projects classified into the development grouping assessing space infrastructure and applications is to investigate alternative options for GNSS-2. Various combinations of satellite constellations have been researched including low earth orbit (LEO), medium earth orbit (MEO), geostationary earth orbit (GEO) and inclined geosynchronous orbit (IGSO) satellites. A key feature of the research is the integration of navigation and communications capabilities. Both global and regional services are being investigated and the concepts will make maximum use of existing infrastructure, for example, that which may be available from the European Geostationary Navigation Overlay Service (EGNOS). These projects have contributed to the debate raised during the GNSS-2 Forum, through, for example:
• providing user requirements;
• assessing the performance of the various options against these user requirements;
• assessing the costs associated with each of the potential constellations;
• assessing the benefits brought by each of the options.
The projects follow the five-phase methodology mandated for the TAP, however the logical structure of the various projects can be simplified. This simplification is represented in Figure  2 .1.
The projects have addressed user requirements from the multi-modal perspective. Institutional aspects are also being considered, particularly that of certification or qualification, but focussing on the system rather than on certification of specific applications.
The cost-benefit and financial analysis has been used to determine the cost-effectiveness of different levels of service and also how to recover costs from users and how the costs to be recovered should be allocated to the various user groups utilising a multi-modal service.
Validation is a major element of the projects. Validation tools will be developed, including prototype receivers and laboratory test-beds will be used to validate the concepts and to assess system performance. One project will also validate for a particular application, that of road tolling. Validation activities are not yet complete. 
Achievements
The projects in the infrastructure category are not yet complete and have been re-aligned to provide support to the GNSS-2 Forum. A large number of issues have been investigated for each of the options under consideration. In addition, there has been a high degree of collaboration between INES and EURONAV to develop and ensure usage of a common template for user requirements, costs and benefits. The common template for requirements has been developed in the form of three tables:
• the first dealing with the positioning requirements in terms of accuracy integrity, etc;
• the second dealing with the communications requirements necessary to support the applications; and
• the third dealing with market issues.
The various application areas considered are:
• pedestrian;
• road;
• rail;
• marine, including inland waterways;
• aviation;
• survey, technical and scientific;
• inter/multi-modal; and
• others.
The analysis of the requirements determines whether the application can be fulfilled using existing systems, e.g. GPS, and the communications requirement, e.g. will multi-media communications needs saturate communications channels. The market tables are designed to identify whether there is a business interest in GNSS-2 given that some GNSS services already exist.
In addition, the design drivers for GNSS-2 are being addressed. These design drivers consider elements such as:
• Institutional constraints (e.g. international control, service guarantee, etc.);
• Ability to certify the system and its applications;
• Resistance to interference and jamming;
• Backward compatibility for GNSS-1;
• Cost and cost effectiveness.
All of these issues fed into Working Group 2 of the GNSS-2 forum, which reached the following conclusions:
• GNSS-2 should be a global system, which can be deployed in a progressive manner;
• Despite its immediate appeal, the integration of navigation payload on the presently planned commercial communication constellations is not a feasible option in the short term. The symmetrical option, i.e. integrating commercial communication payloads on EGNSS-2 is also not feasible, except for dedicated communications such as safety-related communications;
• GNSS-2 should deliver baseline performance comparable with that of future generations of GPS and could thereafter lead to the certification of services required for safety-related applications;
• The MEO option is a well-proven solution, which also appears to be less costly than the other alternative option. The preliminary estimate for the total investment costs (excluding security and certification aspects) for a GNSS-2 offering the performance necessary for Category 1 precision approach without augmentation, could be of the order of 2 BEuro over 10 years.
Key, critical areas which require urgent attention are financing and allocation and protection of the necessary frequency spectrum. Options for financing are being investigated through the TAP projects and elsewhere, for example in ESA and EUROCONTROL. Various schemes, whereby contributions and risks can be shared by the public and private sectors (e.g. public-private partnerships (PPPs)), are also being addressed.
USER SEGMENT DEVELOPMENT PROJECTS
2.2.1 Objectives
Again the logical structure of each of the projects follows the TAP five-phase methodology but can be simplified as illustrated generically below. The projects classified in the applications category are essentially developing GNSS user equipment and applications. The projects are principally focussed on the GNSS-1 scenario and will develop receivers covering a wide range of multi-modal scenarios, including:
• Non-safety critical land-mobile (road transport) applications involving the integration of navigation/positioning and communications;
• Safety critical applications in the aviation, maritime and land-mobile (rail) domains using GPS, GLONASS and EGNOS;
• Safety critical applications in the aviation, maritime and land-mobile (rail) domains using GPS, GLONASS, EGNOS and local area augmentation systems.
The applications being developed are not restricted to navigation/positioning alone and many will involve the integration of communications to enable traffic control, and traffic and fleet management applications. A wide variety of data communications bearers are included in the projects, e.g. GSM, VHF, UHF and satellite. The communications mechanism selected varies from application to application. Integration of navigation/positioning with communications is seen to be critical to enable telematics applications and to ensure that these applications are costbeneficial.
The projects are developing and validating prototype receivers. Validation is being performed in the laboratory, on test-beds using simulators, and in the field. Field trials are taking place on operational platforms, including a SNCF train, a Color Line Ferry and on experimental aircraft.
2.2.2 Achievements
A near-to-production prototype GPS/GLONASS/EGNOS receiver, that is also compatible with local area augmentation systems (LAAS), has been developed. This receiver complies with RTCA standards for space and ground-based augmentation systems. The receiver has been tested on a simulator with the following results:
• GPS plus EGNOS gives a horizontal position accuracy of approximately 2m compared with an accuracy of approximately 25m with GPS alone
• GPS plus EGNOS gives a vertical position accuracy of approximately 4m compared with approximately 72m with GPS alone.
A prototype for use in aviation has also been developed in addition to prototypes for use in the maritime and rail environments. The prototype for use in the rail environment has integrated GNSS position information with that derived from other sensors such as the odometer.
Three sets of trials are underway, covering rail, marine and aviation:
• rail: differential corrections are being provided using GSM and trials are being performed in France using a dedicated SNCF line;
• maritime: experiments are being performed using a Color Line ferry on the Oslo to Kiel route. Four 20 hour trials are planned, limited by the availability and cost of wide area differential signals. Docking trials using a specially installed local area reference station in Kiel are being performed together with trials of wide area differential signals in the Baltic. The trials will be especially useful for investigating performance in the antenna-rich environment on-board ship;
• Aviation: trials will be performed using experimental aircraft, principally because of the problem with obtaining permission/certification to perform such trials using commercial aircraft. The trials are assessing Category 1 performance using wide area augmentation and testing the carrier phase technique for Category 2/3 performance using local area augmentations.
The MAGNET receiver was used in the North European Satellite Test Bed (NESTBED) demonstrations performed by UK National Air Traffic Services and Racal at the Farnborough Airshow in early September. This demonstration was highly successful and illustrated approximately 2m accuracy. This receiver was also used in a demonstration in Iceland in November 1998, which again illustrated the capability to reach Category 1 accuracy levels. However, this demonstration, which was performed in conjunction with the US Federal Aviation Administration, also illustrated the interoperability of EGNOS and the US Wide Area Augmentation System (WAAS).
2.2.3 Future activities
Field trials for the GPS/GLONASS/EGNOS receiver are expected to continue in the first half of 1999. These trials will make use of EGNOS ranging signals when these become available, as well as EGNOS integrity and wide area differential corrections. In addition, it is planned to use the aviation receiver in field trials as part of EGNOS test-bed activities commencing in the summer of 1998. An GPS/GLONASS/EGNOS receiver with integrated communications capability is expected to be demonstrated during the first half of 1999.
HORIZONTAL ISSUES
Many of the issues addressed in the projects in the support category are horizontal, in that they are of common interest. It is important to stress that these issues are also addressed in the development projects but, in that case, are restricted to the particular infrastructure or applications being developed by each project. The horizontal issues considered by the Support Projects from the multi-modal, multi-application perspective are:
• User requirements;
• Standardisation and interoperability;
• Cost benefit analysis;
• Certification;
• Comparison of GNSS architectures.
A description of the progress made in each of these areas is given below.
USER REQUIREMENTS
In addition to the individual development projects, several of the support projects have derived user requirements. These requirements have been collected, analysed and synthesised for the various user sectors (e.g. aviation, maritime, rail, road, others, etc). The requirements are generally specified using the International Civil Aviation Organisation (ICAO) required navigation performance (RNP) concept. The status of the requirement specification exercise is as follows:
• For aviation applications relating to navigation, a complete set of requirements is available covering all phases of flight and different categories of airspace. However, these requirements are still under development within various ICAO panels and can not be considered to be completely mature. Applications other than navigation, e.g. automatic dependent surveillance (ADS) and surface movement guidance and control, have been considered to a much lesser degree than navigation;
• Requirements have been determined for a number of maritime applications, including navigation, search and rescue, docking, fisheries, etc. However, in terms of the RNP concept, various parameters are often missing from the definition of requirements;
• The requirements for non-safety critical rail applications, generally relating to asset management and information systems, have been addressed. However, there appears to be much uncertainty relating to the requirements of safety critical applications, such as train control.
• In the road domain, requirements for applications that are already available using other services are known. However, it is believed that GNSS coupled with integrated communications services, will enable a wide-range of additional applications. The requirements for these applications are being developed.
A general difficulty with specification of user requirements is the use of different approaches and terminology in the different domains. Furthermore, the requirements have been assessed from the point of view of the positioning/navigation system rather than from the application perspective.
To provide a sound multi-modal basis for GNSS applications, it is necessary to rationalise the large number and variety of different applications into a coherent set of system mission requirements for the GNSS element of the application. It is necessary to consider the overall application requirements in addition to those imposed on the GNSS element. To date this has not really been achieved, although significant progress has been made and a firm basis for further work has been established. Furthermore, a common template for the comparison and assessment of requirements has been established.
STANDARDISATION AND INTEROPERABILITY
Standardisation and interoperability are key non-functional requirements for GNSS. The TAP Projects are supporting various standardisation activities, which will lead to the production of performance standards for aviation systems. These standards are being produced in the appropriate standardisation bodies with the support of some of the TAP projects.
The tasks being undertaken within the TAP are co-ordinated with other external activities and will lead to a consistent set of standards for aviation for local and wide area augmentation systems and services, including GPS, GLONASS, EGNOS and local area DGNSS.
COST BENEFIT ANALYSIS
All of the projects (support and development) are considering cost-benefit analysis (CBA). Some initial results are available for both GNSS-1 and GNSS-2. However, continued analysis has highlighted difficulties in the application of traditional CBA techniques. A large number of uncertainties must be resolved before a complete set of reliable, quantitative results can be produced.
However, although they are inconclusive, the results of the cost benefit analyses performed in the TAP have been fed into other activities, such as the multi-modal GNSS cost-benefit analysis being undertaken by DGVII. This project is now complete and has, at least qualitatively, illustrated the overall benefit of GNSS. This conclusion is supported by the work performed within the TAP projects, which show that the net benefits that can be achieved through GNSS are expected to be large.
One issue that has been highlighted is the need to generate revenue streams to attract private investment in GNSS. The most obvious mechanism for generation of revenue is through user charges. However, as GNSS is a multi-modal, multi-sectoral system, it is necessary to allocate and recover costs equitably across all user domains. To date no feasible scheme for achieving this has been proposed. Therefore, cost allocation and cost recovery remain areas of intense debate and future study.
CERTIFICATION
Certification is one of the critical and high-risk areas associated with GNSS. Certification will be necessary to allow the service to be used for safety critical and other applications where performance must be assured. The main requirements and hence drivers for certification arise from the aviation sector. Certification is therefore being considered by all of the projects, which are considering aviation applications.
A safety case approach to the certification of GNSS has been developed, based on work performed in the UK and by EUROCONTROL. This safety case approach is now being further developed, outside the TAP, for use in certification of EGNOS. However, there is still much uncertainty associated with GNSS certification, especially where integration of GNSS with other systems will take place and certification must be approached from the perspective of the overall application rather than for GNSS alone.
COMPARISON OF GNSS ARCHITECTURES
Many options are being considered for GNSS architectures, both for GNSS-1 and GNSS-2. Several of the support projects have considered or will consider the relative merits of the architectures. In order to facilitate this comparison, a scoring technique, based on the performance levels available from the architecture, has been developed. This scoring technique is based on the RNP concept and allows comparison between the different parameters being addressed, e.g. accuracy, integrity, etc. The overall result allows the different architectures to be compared in terms of performance and their ability to provide for various applications (which can also be compared using the same scoring technique). This performance assessment can be combined with cost-benefit analysis to arrive at traceable conclusions concerning the optimum GNSS architecture.
Preliminary results for GNSS-1 indicate that full wide area solutions, including ranging, integrity and wide area differential corrections, are the preferred option. However, in reaching this conclusion, only a limited number of possible architectures were assessed (for example, local area solutions were not considered) and there is a high degree of uncertainty associated with the cost benefit analysis.
Comparison of alternative GNSS-2 architectures has indicated that IGSO and MEO are the only realistic options to meet the stated user requirements (Category 1 precision approach and landing without augmentation). Further analyses, based on inter alia costs have indicated that the MEO option is probably preferred.
CONCLUSIONS
To date the GNSS Area has:
• designed, developed and demonstrated GNSS-1 user equipment covering several transport modes. The achievements include a very high profile demonstration in the aviation domain at the Farnborough Air Show together with a joint European-US demonstration in Iceland. Successful demonstrations have also been performed in the rail and maritime sectors;
• contributed significantly to the definition of GNSS-2 through extensive participation in the GNSS-2 Forum organised by the European Commission and coordinated with the European space Agency.
At the completion of the Fourth Framework Programme, the GNSS Area will have:
• provided a significant amount of validated data to enable informed decisions to be taken concerning GNSS-2, for example concerning architectures and levels of service;
